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STRESS-CORROSION CRACKING OF HIGH-STRENGTH
STAINLESS SI'EELS IN
ATMOSPHERIC ENVIRONMENTS

SUMMARY

The application of high-sirength steels in the construction of aircraft
and missiles has created a further demand for information on the stress-
corrosion properiies of such steels. Several experimental programs de-
signed to develop such data have been in progress for the last few years.
In this report, the available information on the siress-corrosion cracking
of the high-strength ctainless steels has been assembled and tabulated ac~
cording to alloy type and to the environments to which they were e£xposed.
The stainless steels, for which some data are a- ailable, include the cold-
rolled austenitics, the martensitic grades, the martensitic precipitation-
hardenakble grades, and the semijaustenitic precipitation hardenable grades.
Exposures were in the marine atmosphcre at Kure Beach, outdoors at sev~
eral semiindustrial locations, and in several laboratory test environments,
Data on the chemical analyses, heat treatments, and mechanical properties
of the test materials are included.

All of the data compiled in this report were obtained on bent-beam
specimens stressed below the yield point,

Many factors are known to influence the stress-corrosion cracking of
metals. These include composition of the alloy, heat treatment, metallur=~
gical structure, preparation of the test specimens, stress levels, and the
environimuital conditions, Insufficient datu have been accumulated to
permit quantitative comparisons of the alloys discussed in this report, and
much of the information is considered preliminary because the tests are
still in progress; however, tentative conclusions can be made abuul the uti-
lization of these steels. The compiled data also indicate where additional
testing and refinements in the procedures are needed *o get more reproduc-
ible and reliable results.

Cold-worked and stress-relieved austenitic stainless steels such as
AISI 301 have shown excellent resistance to stress-corrosion cracking in
both marine and laboratory-type exposures. This is true on specimens
strcsscd to over 200,000 psi, The good performance is attributed to the
fact that high strength is developed by mechanical working, r=ther than by
heat treatments,

In the 17-7 PH and PH 15-7 Mo tesats also, the most resistant speci-
mens were those in the CI1 900 condition; that is, the cold-rolled and tem-
pered structure, These alloys in the other conditions were shown to be

B U



susceptihle to stress-corrosion cracking in a marine aimosphere when

stressed to vver 50 per cent of the vield strength Heowswer | susceplibility

(-]

was nol related solely 1o the streangih of the alioy but was als0 determined

by the heat treatment used 10 devcloo the properties. In general, the heat
treatiments that developecd ths strongest alloys aiso resulted in greater
susceptibili:y to stress-corre.ion cracking. Fer both alioys, in ceriair
cases, there wa=re large differences in exposure times between tnose speci-
mens that failed and those that did not f2il. No faiivrec were reported o
these alloys {(17-7 PE and PH 13-7

{0} exposed to sem:industrial
atmosghares,

Tie data for AM 350 and AN 353 zre not very extensiv2. Tas CRT
and SCCRT cornditioas cdevelcped very high sirengths, and immunity §
cracking at Kure Beach was obtained enly on specimens stressed to
than 50 per cent of their yield strength. in the salt-spray exposure, speci-
mens cut transverse 10 the rolling directicn were sirongly susceptible,
whereas those cut longitedinaily did not cracxk.
poini.

*r e

AMore work is needr@ on this
The SCT 850 ccndition was shown o be morT susceptible 10 craciking
was the CRT 850 condition in the atrmospheric exposure tests. Differ—
ences were 2150 ..ozed in resnlis on different heais in the CET 850 conditica.
Perhpaps, the two CRT 850 conditons did not have egqual asnounts of cold
recuction.

Wew data ar

given for 17-% P in shecr form exposed for 2lmost a
vear at Xure Beach

No f2ilures occurred o spacimens in the B 900 con-
dition [vield strength 180,060 psi} stressed vd to S0 per cent of the vield
siTengih, Welded specimens in the H 300 cunditien f2ilef, and 2 solution
heat trea: nent following the welding did not compieteiv rcilere the immurity
to stress-corrosion cracking. Specimens aged at 1923

¥ or nigoner have rnot
faiied. The tests are stili in progres*

. 2né more data shuld dbe forthcoming.

Allors 12 MoV 2nd Sizinless W Werc :cpuried to bs quite susceptidle
o 5ITT33-Loffuston cracking, wiin the latier being slightly surerior. Higher
tempering temparatures ior 12 MoV reduced the

susceptibility o < -ask-ng,
at the same time causing 2 considerabie redoction i the strength of the
alioy.
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INTRODUCTION

The generzi features of stress—-corrosicn cracking were summarizea
in a recent DMIC repo:'t(!): 10 provide a background for matenzls and designe
engineers znd for others (nvolved in the use of high-strength steels. Alloys
i mz=oy miciel systems, both ferrous and norierrous, are susceptibie to
stress-corrosion cracking in specific environments. This does not neces-
sarily prevent the use of such metals and alioys but indicates that certawn
precautions should be taken 5 avoid izilures :n service. Tke scccessiul
vrilizatror. of any metzl is dependent, therefore, on adequate coasiceration
of Stress-corros:on properties, as well as of its other properties. This ic
particulariy iruc fvr the high-strength steels in aircrait and missile
applications.

The factors that influence or coatribute 10 siress-corrosion cracking
may arise iz zny or all of the steps and sequences that the metel encounters
in being cenvested 1rom its eriginal to its finai form. Heat treatment,
quenching ., fabrication, welding and other assembly operations, suriace fin-
ishing, 2nd other production Steps may affect either the metallurgical struc-
ture =nd mechanical properties of the 2iloy, or result in the development of
harmiful resideal stresses in the finished product. The alioys are exposed
to 2 variety of conditions during these operations, and it is important to con-
s.der what their effect will be con the stress-corrosion-cracking properties
of the materials. Then there are the conditions prevailing during trans-
porianon and storage of the finished aircraft or missiles. Careiess handaling
may result in deformaticn or suriace darnage which aggravates stress-

corrosion cracking of susceptible materials dy introducing additional stresses
and providing sites for the start of corrosion. Finally, aircraft and missiles
zre subjected to a variety of environments in eperation. Exposure to cyclic
weiting and drying, in humid or salt air locaticans, and icng-time undergrcund
storage are examples of possible harmtut conditions for susceptible
materials.

The incrzasing use of the high-strength steels iz the construcaon of
aircraft and missiles within the past few vears resulted in the initiaticn of
scveral test programs designed to provide data on the s.ress-corresion sus-—
ceptibility of such steels. The steels of interest in the high-strength cate-
gory may be ciassified as

11; Stainiess sieels
{2) Hot-work die stcels
{3) Low-ailoy engineering steels.

The first of these may be broken down further to incivde the masrtensiiic
stainless steels, the martensitic ané semisustenitic precipitation hardenable
stainicss sieels,; and the cold-rolled austenitic siainiess steels. Some data

*adecences hasd ca pogr I5,
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on stress-corrus:on cracking have become availablc 35 3 resuit of the tes
prugzrams mentioned abovs, but not 2ll ¢f this information has he

eed.2Z ot
2 4 & Dhaeon :ublibll!‘u
F NI SO SRS S

5. rFurthermore, ditferences in materials and in Ge-
cvaluation of scattered data difficult.

The purpose of this report 1s to present a compilation of data accumu-
lated on the stress-corrosion cracking of high-strength stainless steels in
laboratory and aimosoreric environments, Also, information conceraing
heat treattments, mechkanicz! propertics, &nd test procedures is included,
It is not always ooss.ole 1o make unqualified, cuantitative compariscas
where s¢ masy factors may ‘nflzence test esult.s 2 he datz tabulated in

this report, therefore, are intended to help in the selection of meaterizls
for use in a2ircraft and

mizsile appiications rather than to predict the per-
formance of the materials under service conditions. The data were assem-
bled frora tesis conducted by the U. S. Steel Corporaticn, Armco Steel
Corporation, Allegheny Ludlum Sieel Corporation, and the North fA:uericen
Aviation Corporation at Los Angeles. Some of these tests are stili in prog-
ress, and additionzal dazz

2 from these znd vther test programs could be in-
cluded :

n supplements tc this repor: to hring the information up to date

EXFPERIMENTAL DETAILS

AMaterials

Tesied

Twelve stainiess steels of four types were investigated:

{1} Afar:ensitic
USS 12 Mo

HMeariens

o~
~

itic precipitaiion hardenable
17-2 Py
Stainless W

Semizusteniiic precipitation hardenable
17-7 P13

PH 15-7 Mo
AN 350

22L 355

Cold-rolled austenitic
AlS: 301




5

Method of Stressing

All of the results recorded in this report were obtained on bent-bearm

. specimens. U. S. Steel and Armco used a rigid stainless steel bar with
slcts machined in it, spaced for either & 4- or 7-inch span. Specimens cut
to some lenzth greater than the span between the siots can be stressed by
placing one end in one of the slots and bending into a simple arc just enouzh
10 si:éc the oihier cnd in the cpposite slot (see Figure la). The exact speci-
men length needed to crocduce the desired tensile stress in the outer Zters
at the middle of the specimen is determined from 2 relationship between the
strain, the specimen length and thickness, and the span between the slote in
the specimen holder.

North American Aviation used {ne same principlie, but tx= fixture con-
sisted of two slotied biocks oi an epox3;-giass laminate held in place by 2 bolt
ané nut. The desired stress level was gbtained on one specimen of each
group by adjusting the distance between the end blocks with the bolt and nut.
The strain on the bent specimen was determined from strain-gage measure-
ments. Thren the deflection of the sgecimen was measured, ard this value
was used tc reproduce the same bending and stress levels in other speci-
mens of the group. Protective coatings were applied to the fixrures.

in the Allegheny Ludlum tests, the strip specimens were bent over a
center support in the test assembly. The specimens were bent by tightening
the bolts and nuts at the ends of the jig until the desired strain, measured
by a strain gage, was produced ati the center of the specimens. Ezch speci-
men was insulated from the jig assembly by Teflon tape and washers. This
fixture is illustrated in Figure ib.

Preparation of Test Snecimens

Many factors are known to affe<t the reproducibility of stress c.rrosion
test resuits. One of these is the condition of the specimens =t the start of the
tests. In all of the programs reported, an effort was made to prepare speci-
mens carefuliy and reproducibly, with 2 uniform and clean sarface, so as to
minimize erratic corrosion resuits caused by variadle surizcs conditions.
There were some differences, however, in the actual steps taken to prepare
the test specimens. The procedures used are given below.

U. S. Steel

{1

Specimens sheared from sheet stock to proper widtk, but
ionger than used in the tests

{2) Heai-treated to get the desired propertdes

: {3) Surfaces ground on 80-grit dry cmery belt to remove scale
and visible surface defects
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Ground on 120-grit emery bel?

Cut 1o length to produce the desired stress afiezr bending
iJecgreased in trichicrethylene vapor

¥ ashed in distiiled water

Rinsed in acetlone

Stcred in desiccator unti! put in test.

Specimens cut irora snegt steek

Machined and cedurread

Cleaned in 1nhitited phosphoric acid

Rinsed in distilied water

Heat ireated (o des:red preperues

Descaled by wel griz tlast to a curface rcughness of
25-30 microiaches rms.

[N I )

A, R sty iy Ry gm gy
O U ofe WV e
L Y ™ g

Nt

Norih American Aviation

{i} Specimens sheared oversize (i-1/2 x 8-1/8 inrhes}

{2} Alkaline cleanec and coatcd with a scale-inhibiting com-
pound prior 10 heat treatment

{3) Heat trcated

{4) Mtachined to 1.00C 20.901 x 8. 800 %6, 001 inches

{5} Liguid honed
Pzssivated by immersion :m 4v per cent aitric acid for
! hour a2t rcom temperature.

(i) Specimens shearcd from sheet in the desired condition,
to 2 size suitable for mounting in the jigs

{2) Afachined to climinate edge shear efiects

{3} Tempering scale removed by pickling in coid dilute
nitric-hvdérofiuoric acid solutorn.

In the programs where the specimens were bent into the jigs by hand,
the specimens were handled with clean canvas gloves to avoid contamination
{rem f{ingerprint<, or other scurces. No daia are availzble tha: pcomit
cvaluation of the preparatory systems listed above.
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Test Eavironments

Szlt zir, marine-atmosphere exposure in the U. S. Steel, Armco, and
Allegheny Ludium programs were conducted at the 80- and 800-ivot lots
{distance rrom ocean) at Kure Beach, Norta Carolina. ‘The North American
Ariztien specimens were exposed in 2 20 per cent salt fog at 95 £ 3 F ac-~
cording to Federal Test Methed Standaré 131{2} axnd in a cyclic bumidicy
test, MIL-E-~-5272 C, > simnuiate a1 extreme tropical climate. The detaiis
>f the 2212er exposure are gives in the tables oif test results later ir the re-
port. Allegheny Ludlum 2lso exposed specimens :n 2 20 per ent neutrat
salt spray. Some specimens in 211 four programs were exposed o the oni~
door atmospheres existing at the company leccaidons, namely, Monroeville
ané Brackenridge, Pennsyivania, Los Angeles, Califorania, and Middictown,
Ohio. The conditions were described as being mild to semiindustria:,

RESULTS

Tke accumuiated data for eacin class of zlloys from zii cf the scurces

reviewad 2as been assembled inio tzbular form to facilitate comparison a2nd
discussion. Tre data include chemical composition of the alioys, their heat

trearment and mechanical proserties, exposure conditions, and results, A

few blank spaces in the tables indicate that the information was not reported
in the original sources. Also, since the tests were conducted by fonr differ-

ent companies, there were some Scatiered daia rezorted that did rot f=11

readiiy under the iabie heacdings. These were included 2¢ iootnotes to the
tables.

Cold-Rolled Austernitic Siziuiess Steels

The cold-rolled austenitic <tainlacs ctaals ~-a ~mvetn-71

TThile @i oz -
perature, and freguentiy contain smail amorn:*s of gelta ferrite. Very high
strengths may e developed during cold rolling, by 2 com¥irnation of work
tardening and transiormation of the austenite to martensire. Usually z
siress-reiisving treatment is uSed {o develop the best combiration of strength
and docrility. The chemical composition of the steels tested and the treat-
ment and mechadical properties are given iz Tabies 1 and 2. The Tesuits of
the siress-corrosicn—cracking experiments are in Tabie 3. Tkhe steels at-
tained very high tensile sirengths, ranging from about 185,000 psi for fuil-
harg AIST 301, to a range of 245,600 to 289,000 psi for the exira-.:.rd Steels.
The data in Table 3 indicate that, in general, this ciass of steels is very
resistant to stress-corrosion cracking. It is true that some of the test speci-
mens were lightly stressed {less than 30 per cent of the ultimate tensile
strerngih}, Gui vikers were Stressed at up 1o 70 per cent of the tensile




strength. The tests made by U. S. Steel were at 75 per cent of the yield
strength. Only cne sample in the entire group develored a crack in the
marisc-aunosphere expusure. This cracked after 347 days at the 80-foot ot
2t Kure Beach while stressed az 202,000 psi. Two othert developed a crack
in the laboratory alternate-immersica test in 3-1/2 per cent salt solatiorn
after 3% dayvs. Daplicates did not i2°1 in about 400 days, and it was suggested
that the wo faiiures after only 39 fzys may kave been abnormal, caused by a2
superiicial nick or particle of rolled-in scaje. I s, it emphasizes the need
for care in hardling and fabricating these high-strength steels. It may 2lso
be noted that the threec izilures all occurred on specimens cut transverse to
the direction of rolling. There is no ayparent evidence to indicate whether
this is significant.

TiZE 1. GEANCAL CRFOSTION OF THI COLD-EIZD AUSTINGTEC STADNIESS STERS

Souces nos. weizk pex
of pazaf2? g= : Cs

= 2

- A . s
= 3

iss
s
s

e

22} TSS — U.S. Stec! Copemanen
AL = Alleghesy Loclzm Siocl Copecaniee
(&2 ASerage of imo STemn

The other alloys in this group were in the U. S. Steel tests and Zad
been treated o produce yvieid strengths ranging irom 215,006 psi to 264,000

55i. When siressed at 75 per cent of their vield strength, no failures oc-
currsd during 240 days’ exsosure at Kure Seackh.

Semiaustenitic Pracipitation-iardenzble
Stainless Steels

The semiaustenilic precipitat:ion-hardenable stainless steris apparentiy
nave reieived more attention than the others covered in this repes3, axd
more data on stress-corrosion-cracking data are available. The paysical
metallurgy of these alioys has been well summarized in DMIC Report 111, 2
As discussed in that report, the alioys khave achievod popularity, becacse
they can be fabricazed easily in the snnealed condition, 2nd then hardened to
high strength levels by a series of thermmal treatiments. The hardening mech-
anism counsisis of transformation irom an aastenitic to =2 martensitic mmatrix,
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TABLE 3, RESULTS OF STRESS-CORROSION CRACKING TESTS

Applied Stress

Source b Per Cent of
Allny of Data(® Condition® Direction Tensile Strength 1000 PSI

AlSI 301 uss Extra hard, stress relieved  Longitudinal 750 178, 5
AISI 301 AL Full haid Longitudinal 20t070 18.2-127, 4
AISI 301 AL Full hard Transverse 10to 70 18,8-131,3
AISI 301 AL Full hard, stress relieved Longitudinal 10 to 70 18,4-128,17
AISI 101 AL Full hard, stress relieved Transverse 10 10 70 18,7-130,8
AIS] 301 AL Extra hard, stress relieved  Longitudinal 10 to 70 25,2-1c1.3
AlSI 3u1 AL Extra hard, stress relieved  Transverse 1Cto 70 28.9-202,2
AISI 201 Uss Extra hard, stress relieved  Longitudinal 75D 171,8
AISI 202 uss Extra hard, stress relieved  Longitudinal 1o 161,3
USS TENELON uss Extra hard, stress relieved  Longlitudinal 75() 179,3
USS 17-5 MnV Uss Full hard, stress relieved Longitudinal 75(0) 177-198

(a) USS - U,S, Steel Cerporaticn

AL = Allegheny Ludlum Steel Corporation.
(b) Sce Table 2 for details,
(c) 20 per cent neutral salt spray,
(d) 3-1/2 per ceni NaCl solution; 10-minute immersion, 50-minute air dry cycle,
(e) Only az 7C gar cent of tensile strength, two specimens for cach condition,
(9 Per cent of yleld strength,
(2) One specimen stressed at 50 per cent of tensile strength cracked after 39 days.,
(h) One specimen stressed at 70 per cent of tensfle strength cracked after 39 days,
(1) One specimen stressed at 70 per cent of tensile strength cracked after 347 days,
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ON COLD-ROLLED AUSTENITI'Z STAINLESS STEELS

Number of Days Exposure Without Failure

Number of Kure Beach, Kure Beach Alternate Atmosphere
Specimens 80-Foot Lot 800-Foot Lot  Salt Spray(€) Immersion(d)  Brackenridge, Pa,(€}
6 240 -- - - -
8 398 398 419 405 350
8 398 398 415 4058 350
8 398 338 414 388 350
8 398 398 417 ags(h) 350
8 398 398 285-391 392 350
8 398t 398 344 392 350
6 240 -- .- .- --
6 240 - -- -- -
6 240 -- -- -- --
15 310 -- -- - --




L s Ailoys 17-7 PH
ani PH 13-7 Ma zre hardenad in the abows mosnoer, but AM 230 oxd AM 333

are said to karden mainly by the austenite-to-martensite transicrmation Zol-
lowed by 2 temperng hieat treatment.

The chemical compositicn of the alloys ir: this group are given in
Table £, and the deiails of the h2at treatments are in Table 5. The harden-
ing sequence is seen &) include 2n zuosienite-conditioning step, during which
chromiem carbides are precipitated irem tne austesite. This resuits in
raising the M, temperature sufficiently that traasformation to martessite is
maors readily accomplishked in the subsequext cperaticns. The final treat-
ment 15 the aging step, curing which hardening prases are precipitated in the
a2iloy. The temperature and duration of the 2ging treatment will bave some
eifect on the size and distribution oi the precipitate particlies. Al: cf these
steps com:bdine to develop the mechanical properties of the heat-treated alloy.
The mechanisms of hardening a2re discussed in muck greater detail in the
report mentioned above. {2)

FAZZ L ODUCAL COLPORITION OF TIE SMAVESIOGTIC PESCHATATION-HASTE a5 £

STAINISSE STESS
Sencce N Comooprsion, woie ses €t
Afler  of pandd [3 3= 7 S st c: S 2z % i X Al
37-37H TS 0TS & - 6,023 9 233 153 T -- - Q_T+7 - Poces
i7-754 X33 0.0 6% -- -- 5.2 15.57 % -- - - - 116
iT-iFHE azmed® - - -- -- - -- - - - - -
P iS50 USS e a2 .- -- 22X 1.3 S IS - oo -- Iz
7 18-Dfo Naa 0.8 0.66 — -- 2,23 L3 i 238 -- - - =
73 13-Do  az=cT® - - - - - - - - - -- -
AN 3 Xas e.r2 59T -- - 033 W= g 273 - - 2,63 -
A 358 Xaa o1z T - - 6.2 i%si 45! 2T -- -- e 31 -
Az 252 a:{c) 6,38 233 €03 0.6 T 033 L3P ST LIS -- - & 23 -

(2) GSS - U.S. See Compemane
NAZ ~ Nz Amene2: Anipnce, fos.
AL - A Lodhim $tesi Cxpenzten
ANDC0 = Ao Sizei Cpesa e,

G5 Alkisdas sxob sopesies,

() Avezageof 5 Beax.

Cold rolling is zlso used to produace hatdening in the alloys of tais
group. This causcs the austenite to transform: to martensite, and the alioy
is then 2ged or tempared to develop the final properties. Alicys in th
Cii 500 and SCCRT cornditions have very kigh tensiie and yield strengths, Lat
it cshould be noted that their ductility is low. The properties cf all of the al-
loys teszed in the group ars listed in Takle 6.
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HFAT TRFATMFNT OF THF SFMIAUSTENITIC PRECIPITATION-HARDENABLE STAINLESS STEELS

——

Austenite Conditioning

Ape or Temper

Source of Tempcrature, Time, Temperatute, Time,
Alloy Condition  Data(3) F minuces Transformation F hours
V1=t P TH 1050 Uss 1400 ) Cool to 60 F within 1 hr, hold 30 min 1050 1=172
TH 950 uss 1400 90 Cool to 60 F within 1 hr, hold 30 min 950 1-1/2
RH 950 Uss 175¢ 10 Hold 8 hr at =100 F 950 1
TH 1078 NAA 1480 90 Cool to 3260 F within 1 hr, hold 30 min 1075 1-1/2
TH 1050 Armco 1400 90 Cool to 60 F within 1 I, hold 30 min 1050 1-1/2
PH 950 Armco 1750 10 Hold 8 hr at =100 F 50 1
CH 900 Armco -- .- Cold rolied at mill 900 1
PH 15-7 Mo TH 1050 uss 1400 90 oo} to 60 F within 1 hr, hold 30 inin 1250 1-1/2
RH 350 Uss 1750 10 Hold 8 hr at =10C F 950 1
RH 050 NAA 1750 20 Hold S hr at =110 F 950 1
pcHT(b) NAA 1625 20 Cool to 1000 F in 45 min, air cool to 900 8
room temp,, 5 hr at <100 F
TH 1050 Armco 1400 90 Cool to 60 F within 1 hr, hold 30 min 1050 1-1/2
RH 950 Armco 1750 10 Hold 8 hr at =100 F 950 1
CH 300 Armco .- -- Cold rolled at mill 900 1
CHT®) Armco 1675 20 Cool 10 1000 F in 45 min, cool to room
temp, 8 hr at =100 F 870 24
AM 350 SCT 850 NAA 1710 20 Jhrat-J10F 850 3
BCHT(Y) NAA 1675 20 Cool 10 1000 F in 45 min, cool to room 900 24
temp, S hr at =100 F
AM 355 SCT 850 NAA 1710 20 Jhrat-110F 850 3
sCHT(D) NAA 1675 20 Cool to 1000 F in 45 min, cool to room
temp, 8 hr at =100 F 900 24
CRT 850 AL .- .- Cold 1olled 859 .-
SCCRT 850 AL .- .- Subzero cooled, cold rolled 850G .-

(a) USS - United States Steel Corporation
NAA - North American Aviation, Inc,

Armeo = Atmco Steel Corporation,

AL = Allegheny Ludlum Steel Corporation

{b} BCHT - braze cycle heat reatment,
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Stress-Currosion Resuits jor 17-7 PH

All of the stress-corrosion data that have been roeviewed for Alloy 17-
7 PH are tabuiated in Table 7. Exposures a2t Kure Beach, in 2 20 per cent
sa2it spray, to a cyclic humidity cycle, and v s=miindustrial environments
2t several localities were evaluateG. No failures were repsited jor exposure
periods oi 350 to 730 days at any of the three semiindusirial locations in-
cluded in the tests. Tae appiied stresses ranged from 63,000 psi to 243,uid
psi. The environments were described as miid to serpiindustrial. Nc fail-
ures wer= reporied in a few tests in the 20 per cent sait spray or in a cyclic-
hemidity esvironment. The applied stress levels in these tests varied irom
63,000 psi to 126,000 psi.

Exposure to 2 marine atinospkere at Kure Beach, however, did cause
some specimans to crack. The four alloy treatments included in the tests
were TH 1956, TH §50, RH 950 2nd CH 300. it is interesting to note that the
C: G600 specimens stressed 10 143,000 and 214,607 »s: did not fail in

746 davs® exposure o the marine atmosphere. These were the strongast
alloys tested but 2lso the ieast ductile. The resistance of 17-7 PH tc stress-
corrosion cracking when in the CH 900 condition is probably relatec to the
fact thar transiormation of ausienite 1o martensite is induced by cold work
rather than by a keat treztment. In the latter case, precipitation of carbides
at grain bouncdaries may result in the development of corrosion-susceptibie
paths that favor stress-corrosion cracking.

Examination of the Gata ior the 2lloy shows how difficult it is to make
uantitative evzlcations of susceplibility to stress-~corrosioa cracking.
e TH 1050 condition, for exxnipie, 7 out of 27 specimens Stressec to
i6.,0C0 psi (75 per cent of the yield strength) cracked in an average time of
: days whereas the other 20 did not f2il in 320 days’ exposure zt the 80-

t Iot at Kure Beach. In a2 test at the 800-foot iot, £ out of 5 specimens
stressed to 151,080 psi failed in 22 zverage (izne of 100 days, while the
unfajled specimens wers =xpos+d Ior 2 total time of 746 days. No explaza-
tion has teen offered for the wide spread in exposure periands betwxen the
specimens that cracked azd those that £id not crack. In 2 second keat of ke
Armco steel in the TH 10390 condition, but having a I>wer yizld

yi2ld streagth, no
izilures were reported for 746 days on specimens stresscd to 134,000 psi.

4]

In

G. i

v fw s

ico

In the RH 950 condition most oi the specimens stressed at 50, 75, and
50 per cernt of the yieid strength (183,000 to 102,000 psi) fziled on exposure
at Kure Beach., Tke exposure periods io faliure ranged from 2 te 116 days,
dep=nding on the stress level and conditions of exposure. Here agzin, the
specimens that did not fail withstood exposures of 380 days at the R0-foot

lot and 746 days at the 890-fcot Izt In the RH 950 condition the oy is




TASLE 7. RSSULTS OF STRESS-LORRUSION-CRACIING TESTS ON ALLOY 13-7 222
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somewha:i SIrgag

oager and less ductiiz than n the TH 1050 condition, aad
coasequently it is .iso more susceptib!e to Stress-corrosion <
stould be noted that the daia

racking. [t
in Table 7 does not permit direct comparison
of results in every case because of some spread in the meckanical proper-

ties of different heats of the same alloy, =nd beczuse some specimens were -
in the transverse direction. Atso,
the difference in the severity of the environment at the two Kuve B

Dz h lots
should be considered ii com:pazring the réesuiis reported.

cut in the direction of rojling and -mc—s

A few tests wera made with specimens in the TH 50 condition. Fail-
ures occurred wiihin a i2w days, 2>ver on the specimens siressed o
101, 000 psi {50 cer cent of the vxeld strength).

Semma *ng
high applied st

17-7 P35 alloy in the highest slrength conditions and

esses was ShowWn 10 be susceptibie to stress-ccorrosion

cracking in 2 marine atmosphere. The susSceplibility is not solely related

s ziso determuned by the hezi-tr
procedure used o obtai: tne properties.
have beern cut parzilel ¢ the roliing direction and others iransverse, but oo
direct compariscens of the effec: of this variable were made.

to the strength of the ailoy tut

reatinent
Some specimens were reported to

-Corrosion Resuiss

It was noted earlizr in the report that the colé-working and heat-
treating conditicns for PH 15-7 Mo were the same as those for 17-7 PH.
These are given in Table 5. and the mecha:micat properties of the heats
tested in corrosion in Table 6. Table £ is 2 tabulation of the accumu-
1ztec éata on stress-corrosion crzcking for PH 15-7 Mo treatied by the
common procedures and Ly simuialed brazing heat-:reatment cvcles

Speci-
mens were exgosed (0 semiindustirial atmosphe-es. at the 80- 2nd §5G-

foot Iots at nure Beach, in 2 20 per cent sxit 55-ay, 2nd in 2 H
aumosphere.

i humidity

Thess were essentially uuy:-(é’cs of th= tests o
descrided. Howover, some newer work by Armco and Neorih
Aviaizon is :ncluded.

The resulis show that the alloy in the TH 10506 is guite sasceptibic to
stress-corrosion cracking in the environmesnt of the 88-foot Jot =t Xure
Beach. & large percentage of the specimens stressed to 60 ans 75 por cent
of their yizld strength were r -aorted cracked after relatively short exposuras
pericds. No failures occur

48 per cent of the
2 wide spread i

red in 166 days on the specimens swressed to oniy
vield streagth. Just zs with 17-7 PH, nowever, there was

ir exposure fimes between those specimens thai dia *ail
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TABLE 8. (Continued)

Applied Stress Average  Exposure Time
Ailoy Source  Per Cent Number Tigeto  of Unfailed
and of of Yicld of Specirnens Failure, Specilnens, .
Condirion Data{3)  Strength  1000PSI  Txposed  Failed days days Direction
Exposed at Kure 3each, 800-Foor | ar (Continued)
Pt 15-7 Mo, RH 1050 Armnco 130 131 1) 0 - 166 Transverse
Aunco 60 129 6 0 -- 466 Transverse
Armco 49 88 5 0 .- 468 Transverse
PH 15-7 Mo, BCHT(®)  Armco 60 140 b 5 236.2 -- Transverse
Armco 60 140 5 5 101.4 .- Transverse
Armco 40 93 0 0 .- 466 Transverse
Armco 40 9 5 3 333 466 Transverne
Pt 1o~ Mo, CH 900 Armco 15 196 ) 0 -- 746 Transverse
Armco 50 131 5 0 .- 748 Transverse
Frpused to Salt Spray = 20 Per Cent NaCl at 95 ¢ 3 F
PH 15-7 Mo, RH 950 NAA 80 178 ] 0 .- 42 Longitudinal ;
NAA 40 89 3 0 -- 42 Longitudinal
PH 15-7 Mo BCHT(®)  NAA 80 178 2 2 7 -- Longitudinal
NAA 40 88 3 0 -- 42 Longitudinal
PH 15-7 Mo, brazed(€) NAA 40 .- - 0 .- 21 .-
P 15-7 Mo, BEHTD  nan 40 - - 0 - 21 .-
Cyclic Humidlity Exposure at kelative Humidity of 95 Per Cent or Higher
Heat from 80-100 F to 160 F in 2 hours
Hold at 160 F 6 hours
Coo! 10 80-100 F in 16 hours,
PH 15+7 Mo, RH 950 NAA 80 178 3 0 -- 51 Longitudinal
NAA 60 134 3 n .- 51 Longitudinal
NAA 40 89 3 v -- 51 Longitudinal
PIf 16-7 Mo, BCHT(d)  NAA 80 116 3 1(8) 52 52( Inngitudinal
NAA 40 88 3 0 .- sl Long!iudinal
Atmospheric Exposure
PH 15-7 Mo, TH 1050  Armco(!) 90 186 - 0 .- 130 Transvetse
. i
PH 15-7 Mo, RH 960 Armca{) ) 90 108 - 0 - 730 ) Transversc
:::U) gg 17 3 0 - aao(k) Longitudinal
o 134 3 0 - aso(k) Longitudinal
NAA 40 8Y 3 0 - 350(k) Longinwdinal
- i
PH 15-7 Mo CH 900 Armco(!) % 196 5 0 -- 46 Transverse
Armcoll) 50 131 5 0 .- M6 Trantverse
PH 13-7 Mo, BCHT(d) N.\Agg 80 176 3 18 100 aso(k) Longiwdinal
NAA 40 ne 3 0 - aso(W) Longftudina)
PH 16-7 Mo brazed NAA(D) 40 - - 0 . 200(k) Longitudinal
PH 16-7 Mo DCHT( NaA(D 4 . . - (k)
e 0 0 2% Lengitudinal

Footnotes appear on the !ol.luwlng page.
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and ithose that did not {fail. » included faiicd specimens,

20 of 27 specimens failed after exposv.e periods of 16 to i82 days. Of the
m=n<, thres wWere exposed for 230 days and four for 408 days.
The data in Tabie § show that different heais treated to the same strength
level, and exposed at egual stresses, show 2 wide varijation in average iimes
1o fajiure, 7! to 182 davs in one instance. Evidentiy, trz induction period,
during which cor-osion and crack formation take place, varies considerably
between repiicale speimens within a2 heat and a2iso between similar heats.

i
1

Az the 800-foot lot 2t Kure Beach, no failures were reporied on PH 13-
7 Me specimens exposed for a total of 465 days. Tiis included 15 specimens

Duplicates exposzd at the 80-foct lot had shown numerous cracking f2ilurss,
which is a measure of the difference in corrusiveness of the t=0 exposure
environmenis. In 2n eariier test, 8 ¢f !0 specimens of PH 15-7 Mo, TH 1650
tressed 1o 75 per ceni of the yield strength were cracked after exposure 2t
80635-izor lot. Here again the average time o iailure ranged from £0 2o

days, and ire unfailed specimens withstoud 746 days” exposure.

P 13-7 Mo in the RH 930 condiiion zppears tu be quite susceptible to
siress-corrosicn cracking in the marine environment a2z the 80-foot lot at
Hure Beach. Many of the specimens in this condition failed during the
course of the tests, at ali stress levels. Awverzge :ime *o failure ranged
frem 12 days for the most highly stressed group of specimens to 173 days
at lower stresses. The most resistant spescirnens were those tested at
20 per cent of tke yield strength {applied stress of about 87,000 psi). Even
under tnese conditions, most of the specimens cracked. On the other hand,
“he zreup siressed at 50 per cent of the yield strang:h {1€i,000 psi) showed
no failures Curing 175 days’ exposure. Perhaps this is an indication of 2
directicnal efiect since the specimens in this group wera taken in the &i-
raction of rolling,

Some specimens 6f i 15-7 Mo, RH 350 failed 2t the 800-foot lot 2t
Huare Beach. Ore specimen stressed at 57,002 psi (40 per cent of yizld
sirenginy faileé after 35 gays’ exposure, while at kigher strass level. faii-
ures occzlTel in shorter periods. These resulis indicate that any exposure
2% this alioy in the RE 958¢ -andition to marine atmospheres shouid be 2t reia—-
tively low siress javels-

Specimsozs in the Rif 650 conditfion at stress levels from 89,000 psi o
173,000 p=: re tiso exposcd to 2 ZG per cent sali-spray sclution for
42 ézys and [n the cyclic bamidity eavironment for 52 days wathou: fallure.
As discussxd Sbuve, large percentagss of similasly siressed sperimens failed
ia 2 sga-coasi eavironmeni. A! similar stress leveis, faidicres -t the
8C—ioo: ot cccursed genaraiiy in shorter periods than the 42 and 51 cays
listed for the salt-sprajy T-d LZomidity cycles. This might indicats that the
Kure Beack environment is more karmfu!, bat perhaps othar faclors also
slay = pari in the reszits,

<
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A few tests were made on Pri i5-7 Mo in the RH 1050 cordition. Speci-
mens in {ris conditior were rmore resistant than ia the RH 950 conditions at
both the 3G- and §00-icot lots, At the latter site, none of the Ri 1050 speci-
mens fziied in 460 days® exposure. At the 80-ifoot lot, the Rfi 1050 conditicr
showed somewhe! hatter resistance than the TH 1050 condition. Tkis mught
be expected on the basis that the R: 1030 structiure would have fewer carbides
precipitated at the grain boundaries, and somewhat reducec tendency to inier-
granuelar attack.

A few specimens of BH 13-7 Mo iz the CH 900 condition were exposed
at Kure Eeach. Very high strength is developed during cold roliing rather
than by heat treatment, so cartides are not precipitated at trhe grain bound-
ar::s. No failnres occurred an exposure for 746 days at stress levels of
133,000 and 196,000 psi.

The fina}l test treatmment was designated as BCHT, i.e., braze-cycie
Lezt treatment. This is intendad to simuilate the conditions that preva:i dur-
ing brazing of the alloy. The cycles used at Armco and North American
Aviation are given in Table 3. The acslenite conditioning siep at 1625 or
1875 F will cause some carbides io precipitate, prcbabiy more than at the
standard 1750 T iemperature an¢ iess than at the 1200 F temperature used to
form the T cosdition. Additional carbide precipitalicn may occtr during the
cocling to 1500 F in £5 minutes. However subzero cooling is required in
ec2ch case to transiorm thc Sustenite. and further strength is attained by
preccsitation hardening. According to Tabie 6, the Armco treatment using
the 1672 F condidoning sStep znd a 23i-hour 2ging at 900 F, resulteZ iz a some-
what stronger, but less duciile, condition than the North American treat-
ment. In the latter, the conditioning temperature was 1625 F, and the aging
ireaiment was comdacted at 30U F ior B hours.

A direct comparison of the eifect of these treatmen:s on the suscepti-
bility to Stress corrosion was not possible  beczuse the Specimens were ex-
pased in differ~nt envircaments. T wenly spsuimens of tweaty with the Armco
BCHT irsatment, at stress ievels o1 from 93,000 to 140,585 poi, failed after
relatively stort exposure 2t the 30-foot lot 2t Kure Beach., At che 52%-joni
iot, 13 of 20 specimens f2iicd. Failares also occurred in the salt spray om
the Nore: American Aviation BCHT specimens in the highly stressed coxzdi-
ticn but not 22 lower stresses (88,000 psij. Idere again the tctal exposure
time was only 42 days zs compared with 242 Says on the specimens exposed
at Kure Beach., A comparison with North Amaricon Avigtcn Specimens in
the RH 9590 coxdition, expoesed 1o the salt spray, indicates thzt the BCHT
treatment resuits in greaier stress-corresion-cracking susceptibility, dut
this conclusion is baseG only on very limited testing. Specimens in the
North American 3CHT condition were alsc exposed o the cyclic humidity
environment for 31 days. Ozc speciman cracked, but this was att.:onted to
improper cleaning iollowing the heat treatmeni.

Atmosphreric exposure at Middletown, Ohio, for periods up to 2 years,
has mot resulied in any stress-corresieon cracking failares on PiE 15-7 Mo in




the TH 1050, 0 condidens. Other tests in the Los Angeles
atmosphere ar ir progress, with no failures reported.

Stress-Corrosion Resuits for AM 350
and AM 355

-

These allovs are similar 1o 17-7 PH and PH 15-7 Mo, both in
cai znd thermal treatmentis and in strength properties. A discu
hysical metallurgy of the alicys may be fowrd in DAYUC Report

per by Lula{d).

The stress-corrosion-cracking properties of AM 355 in the CRT and
SCCRT conditions were examined by Allegheny-Ledlum Corporaticr. The
data 2buiated in Tabie 9 were taken from 2 preliminary report issued in
1833, A fcw adcivional datz on AN 350 and AL 355 in the SCT cond’Hon and

—

The ct2mical compesition, tntenits. and mechanical properties
of the 2lioys zre given in Tabies , Tespeciively. I wiii be noiad
that strengths vp io about 300,50

ment on AXf 355. Two different heats of AM 355, CRT were treated to pro-
dece markedly diiferent properties, These skould be ncied because the re-
suits of siress—corrosion cracking aisc were different. The designaticn

=

UCRT 850" does net distinguish the Siifeizace ir the two keats.

iz the Allegheny Ludivm iests, specimens werc stressed a2t 10, 335, 3
and 78 per ce=t of the ultimate tensile sireagahs. A giznce a2t Table 9, shows

that nc failures occurrod i any exposure 2t frhe t%0 lower Stress levels. Az
the 50-fcot 1ot at Kure Beach, specimens from the Lizhar-strength heat of
AM 352, CRT 830 (tensiia strength 238 6800 ~s3) fasled at Dotk 50 and 7§ per
cet of the ensile streagih, whareas those {rom (he iover strength hear
{lensilc sirongth 2:0,307 psi) 4id nor ail in 321 days’ exposure at any stress
favel. At the BGU foot-lot, sproimens {mom both heats falled ) when 3uroesed
10 73 por cent of the tensiia strength. My cxp.2nation was given 0 accowrt
ior tee fallure cf one specimen at the 850-io01 let, whrre2s cuplicates at the
more szvere 80-fcot 1ot d.d not i2i:, Exzosure 10 salt sprey alss resuited in
cracking of specimens iram the Mgher sirength heat alere:s the lower
sirengin specimens 2id zet fail. At the 70 par ceat s*ress ievel, one speci-
men {ailed in Gae day, and its duplica’s did not fad In 379 fays. It was noted
teze simiiar experisnces at . S. Stec! were attribaied to prababiiity effects,
Specimens of Doth aeats of AX] 355, CRT 859 stressed te 70 pe<T cent the
tensile strength and exposed o e zimosphere at Brackenridge ~»< not fziled
after 132 and 321 days, respeciively.

Iz the SCCRT 336 cendition, fzilores oczursed cdy a2t the 80-3 lot at
Xare Bezck, on specimens stressed 2t 53 and 78 ner ceat o their t=asile

-~

stTength.  Since the alioy in this condition is very strong, the spriicd sIress




TASAE 3. Z2SULTS OF STEESS-COPROSION CRACKING TESTS
ON ALLOYS AN 350 AND AN 255
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TABLE 9. (Continued)

Applicd Stress
Per Cent of

Exposure Time

Alloy Source Ultimate Number of Average Time  of Unfziled
and of Tansile or Specimens to Fallure, Specimens,
Condition Pacal®)  yielge Strength 1000 PSI  Exposed  Palled days days Direction
Cyclic Humidity Exposure at Relative Humidity 95 Per Cent or Higher
Heat from 80-100 F to 160 F 1n 2 hours
Hold at 16C F 6 hours
Cool to 80-100 F in 16 hours
AM 355, SCT 850 NAA 80% 150 3 3 12 .- Long,iludinzl
NAA 60 113 3 3 13 5281 vLongitudinal
NAA 400 % 3 2 26(®) 51 Longimdinal
AM 355, BCHT NAA 80® 150 3 0 54h) -- Longitudinal
NAA 400 06 3 0 5u(h) -- Longitudinal
AM 350, SCT 850 NAA 80® 140 3 3 12 - Longitudinal
NAA 60® 105 3 3 13.5 - Longitudinal
NAA 400 0 3 ey 14 51 Longitudinal
AM 380, BCHT NAA 80® 136 3 3 12 -- Longitudiaal
NAA 100 68 3 0 - 5% Longitudinal

* Indicates percentage of tensilc yield sirength.

(3) AL - Allegheny Ludlum Steel Corporation
NAA = North Amecican Aviaticn, Inc,

(b) Heat 35526.
(c) rleat 3580¢€.
(d) Armospheric exposure at Brackenridge, Pennsylvania,
(e) Aunospheric exposure at Los Angelzs, California,
(f) Test still in progress.
(g) Specimens not properly descaled after heat treatment.
(h) Specimens pastially fractured,



was over 200,000 osi on some specimens.

£o0-fcot st oo ser cent salt spray. These specimens were all cut
longitudinziiy. i.c., in the direction of rolling. A strong <irectional effect

was reveaied in the s2lt spray. 3Specirmens that were cut transverse to the
direciion of rolling cracked very quickly, even at an applied stress of abcut
NN NNnn -
sV, vuyu D3:.

No failures occerred at the

—

L
1)
o

: ¢k 20 per

e

ARSI 355 in the SCT 858 conditien was evaiuated in the Ncrth American
tests. In this conditiez, the alloy had » yield si:ongth of about 190,090 psi.
The data in Tabla ¢ show that the alicy in this condition is strongly suszept-
bie 10 stress-corrosion cracking. Failures occurred in 21l three environ-
ments, even at thc lower stress icvels of £0 per cent of the vieid strength
{75,000 ps:). This 1s probably relzizd ¢35 carbide precipiiztion during the
L~anneal, which conditicne the 2usicnite 56 that compieie transiormation

Carbides are precipitated at the grain

g3

will occur during subzero cooling.
houndaries, <hich presumably results in correosion-susceptibie paths. A
comparison of the results of atmespheric exposure tests for the CTRT 85¢
and :he SCT cornditions at comparzbie siress izvels shows that specimens in
the SCT condition are suscepiidle o cracking, whereas those in the CRT 832
condition were nci. ExXposures were a: diffzrent locations, but it is probabie
that iransfcrmation by cold rolling {CR7T) occurred without the precipitation

oi carbices at the grain boundaries {as in the SCT condition}, and therefore

resuited in a struciure less sasceptible to siress-corrosion cracking.

-

|

he Drare-cycle heat trratment (STIHT) which includes the slow cooling
irom 1675 F to

IC00 ©, resuited in slighily lower properties (yicld sizength
166 000 psi). Tke alloy iz this condition was also susceptible 1o crackina.
Based on the reporied data, the times to failure were slightiy longer than for
the alioy in the SCT 820 condition. Howcever. ther =

ther were of the same orier
of maguitede, and the differences ¥ not be significant.

The North American Aviation preozram 2!sc mcicded 2315 on AN 350,
SCT 859 and AM 330 BLHT. The resuits were simiiar to those with

AXL 355, and the same comments appi

Martensitic and Martensitic Precipitation-
Hardenadle Staiaiess Steels

In these two classes of steeis, the austenitic structure is transformed
to mariensite doring cooling to room lemperature from the annealing tern-
peratnre. High sirengil: is Geveloped by subsequent tempering ox
precipitation-tardening trezimenis. Three Steels, one martezsitic_ 1Z MoV,
a=é two mariensitic precipitation hardenable, Stainless W and 17-2 PH_ have
been tested for susceptibility to stress-corrosion crackinz. The ckhemical
compositioas of the steeis tested are given :n Table 10, and the det2ils of the
heat treatments and mechanical properites are in Tatle !1.

Tiis cliect was 150 sbserved in the atmospheric exposure test.
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CHDGCAL COMPOSITION OF THE MARTENSITIC AXND MARTENSITIC
FRECIATATION -HARDENASLE STAIMNLESS STESLS

e 4 et St L Aaietin st 8 4

Uss

Sz w33

o | ATIXD

2.0

1 =D zemce 0633 Gt 0.081 203 L& 15.81 4S5 -- 2

32) 58S -2, S, Sl Cupepion
Fecae = Armxo Stecl Cocpoczlien,

£8) Woid vy

Sirass-corrosion data for the 12 McV and Stainless W grades were
23 - - -
taken irom the . S. Steel repo.—t‘-”. and those for 17-4 P
.

< PH sheet are pre-
l:minary dz2ta from incomplete tesis being conducted by Armco. Tke resuits
are iabulzted in Tadle 12,

he datz in Table 1] show that the heat treatment selecied for 12 MoV
alioy resuized :n kEgh strength. The vield strength was over 205,000 psi,
2nd corrosion tests at Xure Beach {80-ioot iot) were carriecG out at 30 and
73 p2r cent of the yield strength. 12 MoV alloy, In the condition tested, is
sirongly susceptiidie to stress-corrosion cracking.

This wzs 3lsc the con-
ciusion irom atmospheric-exposure tes:is 2 Mszroevilie, where 35 of

45 specimens (at 72 per cent of the yieid strongtnj failed after an averags
exposure period of 3 days.

Additional work has shown that the alioy was not
susceptible o siress—cerrusicn Cracsing when tempered at 1100 or 1260 F.
Urder these concitions, ha¥ever, the vield strength was reported to be
i33,900 ps1, considarably lower than 3

* .z T —— - - OON
LT Whian Inal vuiaines ¥ ie STIing ai Fou F

S:ainiess W, was alsc hardened to a yield-strength ievel of apove
260,500 psi. Thke hardening mechanism in this case was by precipitatica of
compeounds of titanium and aluminum within the martensitic structure during
the 2ging treatment. Exposure at Kure Beack at 50 to 30 per cent of the

vieid strength resulted in failures =i

in relatively shoil seriv-is. Duning
outdoor exposure at Monroeville, however, no failure occurred over 2 period
of 520 days. Tkus, 2t high strength levels, Steinless W appears to be some-
what more resistant than 312 MoV,

33 aianaa

The date showxn for alioy i7-2 PH are {ior il m:ianial in thic sheet
. form which has nct been available heretofore. Specimeas were cut irom
0. 050-inch sheet. The high strength in tkis alloy is developed €uring the ag-
ing step, whick causes precipitation of compounds within the martensite.
Aging at F00 T resulted in tensile strengths of slightiv over 200,000 psi with
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Armco 1900 10 1150

TABLE {1, HEAT TREATMENT AND MECHANICAL PROPERTIES OF THE MARTENSITIC AND MARTENSITIC
PRECIPITATION -HARDENABLE STAINLESS STEELS
Heat Treatment
Austenitize
or
Source Sotution Treat Tempered or Aged Yield Tensile Elongation
of Temperature, Time, Temperature,  Time, Strength, Strength, in 2 Inches,
Alloy Data(®) F minutes £ hours 1000 psi 1000 psi per ceat
12 MoV Uss 1850 15 300 4 205 256 10.5
Stainless W uss 1900 15 1000 0.5 201 202 7.2
17-4 PH Aricco 1490 i0 900 1 181,0 202,2 9
Armco 1900 10 1025 1 155.4 166.8 10
Armco 1900 10 1076 1 150.8 162.2 9
Armeo 1900 16 1150 1 113,2 139.4 14
17-4 PH, Armio 1900 10 a¢0 1 i83.0 203.5 4
solution treat, Asmco 1400 10 1025 1 160.8 175.9 6
weld, and 2ge  Arinco 1900 10 1075 1 150.0 161.2 6.5
Annaco : 1900 10 1150 1 115.4 113, 4 12
17-4 PH, weld, Armco 1900 10 990 1 182.6 206,.1 6.5
solutivn treat, Armco 1900 10 1025 1 159.6 16,3 6
and age Armco 1900 10 1075 1 151,8 161, 1 1
1 130.4 147.0 %)

(a) Uss - U. S. Steel Corporation
Armco - Aumco Steel Corporatici.




TLARE iZ. RECULTS OF STRESS-CORWSION-CRALKING TISTS ON Tie MATENSITIC
AND A, ENSITIC IRECIFITATION JARDENAKLE STAINLESS STERLS

Soxzzee Aosbad Suress <zmber of

& PerCexx of Soetimens

oaz2(2) ek STengh o P Exsxed Fazled

Exsosed a1 Ko<z Seack, E0-Foat Lot

183.8 45
2.5

173 7, HNO
7, H1I$

Welled, Then Soiztion Treated 208 Aged

374 P B0

172 S4_ 37 2008

T3 =, 2108

PR S )
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TABLE 12, {Coitinued)

Exposure Time

Alloy Source Applied Stress Number of Average Time of Uafajled
and of Per Cent of Specimens to Fatlure, Speci.nens,
Condition Dara(3) Yield Strength 100¢ Pst Expased Failed days cays
Exposed at Kure Beach, 80-Foot Lot {Continued)
Sulution Tieated, Welded, and Aged (Commued)
17-4 PH, H 1150 Armco 90 103.9 5 0 - 322
Armco 78 ec.C 3 0 .- 322
Aunospheric Exposurel€)
12 MoV uss 78 153.8 45 45 3 .-
Stainless W uss 18 150.8 ki 0 -- 520

(2) Uss - U, S, Steel Corporation
Armmco = Armco Steel Corporation,
(b) Average of three specimens, or more.
{c) Atmospheric exposure at Monroeville, Pennsylvania,
Data on i7-4 Fil arc preliminary cesults from incompleted tests,
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a yield strength of about 180,000 psi. Other aging treatments at higher tem-
peratures, up to 1150 F, resulted in correspondingly lewer strengths,
Stress-corrosion~cracking tests at Kure Beach {80-foot lot) are being made
on both ordinary cpecimens and welded specimens at 90 and 75 per cent o
the yield strength. The compcsition of the weld wire was the same as that
of thc test material (see Table 10). After welding, one set of specimens was
solution treated before aging, to reduce or eliminate nonuniform strains cr
precipitation in the adjacent metal. It would be expected that this should re-
sult in a more uniform response to the subsequent aging treatment. The
other group was solution treated, welded, and aged. Heat~treating scale was
removed by grinding or wet blasting with alumina grit and Pangbornite.

After cxposure for 222 days, no failures had occurred in the unwelded speci~-
mens at any stress level. In an earlier test, three out of five specimens
cracked in 322 days, when strcssed at 90 per cent of the yield strength. The
other twc, and a group siressed at 75 per cent of the yicld strength did not
fail in 560 days. The welded specimens in the II 900 condition, and not solu-
tion treated after welding, failed within a relatively short time. This is an
indication that welding is responsible for some change in structure cor strain
conditicn, as mentioned above, Sclution treatment after welding was bene-~
icial, but it did not prevent failure of the H 900 specimens after z some-
what longer period of exposure. No failures have occurred in the welded
specimens aged at 1025, 1075, and 1150 F.

On the basis of these incomplete tests, 17-4 PH sheet material shows
good resistance to stress-corrousion cracking in a marine atmosphere,
Welding of the alloy in the highest strength condition {H 900) reduced the
resistance to cracking. The standard solution heat treatment, following
welding, apparently does not completely restore the resistance to stress-
corrosion cracking of material, Therefore, in stress-corrosion envircn-
ments it would appear to be safer to use matecrial aged at higher tempera-
tures, if the lower strength achieved under these conditions is acceptable.

DISCUSSION OF RESUIL.TS

Most of the comments about the results have already been made in the
discussion of each class of alloys. From a general standpoint, it is appar=
ent thal the need for stress-corrosion-cracking data for the high strength
stainless steels has been recognized, and experimental work has been started
to provide such information. A rcliable evaluation of the susceptibility to
stress~-corrosion~cracking of a material involves the consideraticn of many
variables, and consequently a large amount of time~consuming expcrimental
work, Therefore, it has been emphasized Lhat most of the experimental
programs tov evaluate the susceptibility of the high strength stainless steels
to stress-corrosion cracking are still in progress, and that the data reportcd
here should be considered preliminary in nature, Furthermore, correlation
of these experimental results with actual service performance has not been
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esiabilished as yei.

a2 faci that crackeag has occurred uwader some experi-
mental conditicns does 101 mean that the alloy will crack under zil service
conditions, s an indicauon, bowever, that such an alloy showid be used

conditicrs i
rd to envircnmental and stress conditions that may

with due reg m2y exisi in the

intended servs

Tabulations of the resulis of tesis, such a2 Giusc :iucivded in this re-
Durt, help to viswalize iz a gencral Way Whai has been done, 2nd ic point ont
where addidonal werk may be required.

The results of tests reported o date are given iax Tatles 3, 7, 8, 9,
and 12. These show :at the majoiity of the specimens wers exno‘ed to the
marine atmosphere at Xure Beach. Laboratory teste :cluded the salt spray,
alsernats immersion iz 2 szit sciution, and a2 cyclic aurnidity exposure. Ex-
pusure tests in semiindusirial outdocr aimospheres were made at

res t the joca-
t:ons of the companies conducting the tesis.

compzrisons of the caiz couid preekly be made, bu
a2t tas Stage some of the test 2
n

not encugh Informaitior
itmes to failure.

are :mncompleie,. and in other cases ther

5
avaiiable to accnunt for the wide sp;cad opserved in

it is ta L2 expecied that the metailurgica: structure developed by

thermal treatmen: or mechenical deicrmaeation will affect the resuits. 1
CH 300 condition, for ex.mple,

resulted in the highest sirength, but the
alloy was imimune from stress-corrosion cracking. This may be relailed te
the fac: that cond:tion CH 900 dres not involve hea: treatment in the tempera-
ture range at which carbides wi 1 precipitate. Thereiore, carbides at tee
grain boundaries would not de cxpected in allcys = the CH 200 condition.

The '—csui?.s for P I5-7 X

\{o are so:nc'xha: more <cnsistent than those
for 17-7 Herse azain,

. Here 2z2 trhe alloy in the C33 00 condition was not sus-
czpiible t2 £rucRing in zne marine exposure. In this alloy aiso, the RS 939

conditicn seems ic preoducs 2 more seéscsplibie structure than T 1050.
Cracking occurred on the RH 950 specimens 2
87,000 psi, representing only 20 per cent of the yiel@ strength. At similar
stresses, ipe TH 1030 coxdition did n0: crack by stress corrosion. it would

app2ar from these resuits that the extent of stress-corros:on cracking is not
determized soleiy b

by the presence of carbides at the gra:in boundariaes, Such

izclors as the cuantity of precizitsiz ) iis> Gispersion in the stiucture, 24 its

composition may be the controlling con

2 aomzec sr'esscs as low 3

-

It wenld be of interest 16 study the eifect of thase factors, az well 2s
other microstructural details, sach as the amount of retained austenite, the

resence of delta ferrite  and perheps e carton content of the martensite,

on the stress—corrosiox-cracking n'op#*ues of these steels. Of course,

ctk=r variables inei aifect results, tkat is, specimen preparatien, siressing,

and details of exposure, would have to be controlled znd taken into account
in such an investigation,

smemss < wmin - -

Py
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WORK IN PROGRESS

The resul.s of the stress-corrnsion-cracking tests on the high-strength
stainless stecls that have been assembled in this report, represent a good
start in the direciion of providing such information for design and materials
cngineers in the aircraft and missile industrvies. Some uscful data have been
accumulated., However, somc unexplained lack of reproducibility was also
evident in several of the tests. While some sprecad in corrosion test results
is expected, enough data must be accurnulated to attach proper significance
to it. Thereiore, some phases of the programs discuzsad in this report are
being coniinued. Also, several new programs arec in their early stages.

It has often been emphasized that many tactors may influence stress-
corrosion-cracking results. Work is in progress to standardize evcry phase
of the tests required to evaluate semiaustenitic precipitation-hardenable
stainless steels. A report has bean prepared(5) in which every detail of
specimen preparation, heat treatment, stressing, exposure to laboratory-
type environments, operating conditions, and reporting of results has been
specified. A continuation of this work describes the details of ring-type
specimens for testing zpecimens in the short transverse direction. (6) The
work so far in botl of the programs mentioned has been concerned with the
establishment of standard procedures., Testing will be conducted by numer-
ous participating aircraft companies and by Allegheny Ludlum and Armco
Steel Corporations. Salt-spray and alternate-immersion exposure tzsts are
planned for stresced, strip specimens of 17-7 PH, 17-4 PH, PH 15-7 Mo,
AM 350, and AM 355. Ring-type specimens for seme of these alloys are
included. Also, some specimens of AM 355 and 17-4 PH will be exposed to
a marine atmosphere, This is a comprehensive program that should produce
a large quantity of valuable data.

The difficultics of translating results of accelerated stress~corrosicn-
cracking testo into expected service results have also been mentioned before.
A comprelensive program, sponsored by Frankford Arsenal, has been in
progress for about 1 year at Mellon Institute, Pittsburgh, Penneylvunia, aad
at Aerojet-General Corpouration, Azusa, California. High-strength materi-
als, including AM 355 and PH 15-7 Mo, which are of interest in this report,
wiil be tested for susceptibility to stress-cerrosion cracking in many envi-
ronments, The Aerojet-General tests will be in envirosments that the alloys
encounter during fabrication and storage of missiles. The Mellon Irstitute
tests on the same heats of the alloys, will be made in synthetic and artificial
cnvironments. The work on thesc two programs so far has beer concerned
with procurement of materials, checking of heat-treatment proccdures,
determination of the mcchanical properties of the alloys, preparation of ex-
posure facilities, and evaluation and development of the streseing procedures.
Preliminary stress-corrosion tests have been made to check out the various
steps. Actual testing of the selected alloys will probably be conducted within
the next 12 months and shon'ld result in valuable comparisons of the effect of
many synthetic and natural environments on stress~-corrorion cracking.
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